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Abstract 

An equation of state (EOS) is developed in the form of the Helmholtz free energy F(ρ,T) in 

the work to represent experimental thermodynamic data of HFC 134a in wide intervals of (ρ,T) 

parameters including the critical region. Known EOS’ [1,2 a. o.] of HFC 134a have used 

analytical forms (they do not include such parameters as scaling variables and functions, critical 

exponents (α ,β ,(∆i) a. o.) proposed by the scaling theory (ST)), that is why they have a low 

accuracy in the vicinity of the critical point. F(ρ,T) elaborated combines regular and non regular 

parts. The last one has been structured according to ST. Some criterions are involved to adobe 

F(ρ,T) to conditions those are typical for the critical region. The adjustable coefficients of EOS 

have been established by a routine that let us to fit F(ρ,T) to new experimental data (Blanke et al 

[3,4], Magee et al [5,6], Yata [7], Padua et al [8]) and known reliable results. The input data set 

includes thermal properties together with Cv,ρ,T – data [9]. 

A software program was produced for the determination of thermodynamic properties. The 

calculated data got with EOS are compared with experimental points and known tabulated 

properties. A satisfied agreement of the calculated results with literature data demonstrates that 

EOS recommended can successfully approximate points both in regular and singular areas. EOS 

can be used in intervals of parameters of state from the triple point temperature Ttr=169.85 K to 

450 K and from the triple point pressure to 100 MPa. 

Keywords: equation of state, vapour-liquid equilibrium, volume, density, vapour pressure, 

thermodynamic properties 



1. Introduction  

 

Some number of investigations including [3-8] dedicates to experimental researches of 

thermodynamic properties of HFC 134  in regular and non regular regions of P(ρ,T)–surface has 

appeared and not been examined in the works (Tillner-Roth, Baehr [1], Dobrokhotov, 

Ustjuzhanin, Reutov [2]) where the international and Russian reference data are published. The 

information, P,ρ,T – data, Ps,T – data, ρl,ρg,T–data, Cv,ρ,T – data, is included into the input data 

set. An analysis of scaling conditions let us formulate some criterions and a task on a creation of 

EOS that is valid both in regular and critical regions of F(ρ,T) surface. 

 

2.  Criterions and EOS forms 

 

EOS is elaborated as the Helmholtz free energy 

),(),(),( TFTFTF nr ρρρ += .            (2.1) 

Some conditions are formulated for the scaling kernel, ),( TFn ρ , according to 

thermodynamic equalities and ST (degree laws for derivatives of ),( TF ρ , a form of 

components ),( TF ρ  a. o.). ),( TFn ρ  consists of three addends 

),(),(),(),( TFTFTFTF nasnnnn ρρρρ ++= .       (2.2) 

It is accepted that derivatives of ),( TF
na

ρ  and ),( TF
nn

ρ are to follow to degree lows in 

asymptotic and non asymptotic neighborhoods of the critical point, among them 
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An analysis of different forms of ),( TF ρ  let us get an expression that obeys (2.3)  
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where ��� ω  and )(tfij
 – flattening functions, { ����

�
} – scale functions for the free 

energy, (Cij), (uij) – adjustable coefficients, R – universal gas constant. 

With the use of the equality 
TFP )/(2 ρρ ∂∂= , EOS (2.4) is converted into the form of the 

compressibility coefficient, )/( TRPZ ρ= , and expressed as 

),(),(),( TZTZTZ nr ρρρ += ,                                   (2.5) 

where ),(),,( TZTZ nr ρρ  - regular and non regular parts of the second form of EOS. 

The first addend in (2.5) looks like 
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where ( iy )–structure functions.  

( iy ) depend on ∆ρ and are determined using the conditions in the critical point 
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The forms of ( iy ) are got as 
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The second addend in (2.5) is obtained in the form 
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chemical potential; 00 = , 
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Scale functions { )(xh
i

} and { ����
�

} are connected by relations  
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The scale functions {ai(x)} have to satisfy degree lows including (2.3) and are found as 
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The coefficients, A1,A2,B1,B2, in (2.8) are expressed as equalities 
 

�

����������

���
�

��

� ����

�
� −α−α−α

−γγ
−= �

����������

���
�

��

� ����� −+α−+α−
+γ

−=
∆∆

∆  

B1 = B2 = 1/(2k).                 

Characteristics k and b have the form 
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The values (

�
� ) included in (2.8) are determined from equalities 
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Parameters included in {ai(x)} have been determined by a routine and with data on the 

coexistence curve (CC) separately from values of adjustable coefficients, (Cij),(uij). The 

numerical values of (xi) are given in Table 1. The exponents (α,β, γ , δ , among them α and β are 

taken as effective parameters) are linked by the equalities 

�� �� +δβ=α− , �� �−δβ=γ .               (2.9) 



The flattening functions, ��� ω ,( ���� �� ), are introduced in (2.7) to support a correlation of 

EOS with a virial row under low densities and have the form 
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3. EOS PARAMETERS 

The critical characteristics, ρc,Tc, Pc,α ,β , of EOS are considered as effective parameters. 

Their numerical values are determined previously by a statistical routine (see a report of the 

authors in the Proceedings). The coefficients, (Cij),(uij), are to be determined with the help of a 

minimization routine that works with the functional, Φ,  

,µCBvC Spp +++++=                   (3.1) 

where 
CBvC Spp ,,,, , µ  – the addends those include deviations, (∆Ai), of 

properties, (Ai), from calculated values, (Acalc i), got with EOS. 

(Ai) represent such properties as P in single-phase area, Cv, Ps, the virial coefficients, B,C, 

and the difference of the chemical potentials, l, g, on CC. 

A routine is produced for Φ minimization. A special attention is paid to involve Cv,ρ,T – 

data into the treaty together with thermal data. The values of EOS’ parameters are given in  

Table 1. 

4. Conclusion 

The input data set consists of 	
����
�����
������
 �
P,T–region from Ttr to 450 K and 

from the triple point pressure to 100 MPa. A root-mean-square (RMS) deviation, A, of input 

property, A, from Acalc is determined with following comparison results: δρ  = 0.25 % for the 

densities from the input data set in the single-phase area; δρ  = 0.08 % for the density [8] under 

high pressures and temperatures; 
gδρ = 0.9% for the vapor density and 

lδρ = 0.5% for the liquid 

density on CC; 
lδρ  =0.08 % for the density [5]; 

lδρ  = 0.13% for the results [3,4]. There are 

follows deviations got in the critical region: 
gδρ = 0.8% and 

lδρ =0.5% for the densities [7]. 



RMS deviations of the saturation pressure are got as: Pδ s =0.14 % for the data [3,4];   Pδ s 

= 0.11 % for the results [6]. 

Deviations of Cv – data [9] are placed in the limits –
��������
�
���
����
 Cv = 1.9%.  

 

Table 1. Parameters of the equation of state  

R=81.48886 kJ/(kg K); Tc=374.13 K; ρc=509.5 kg/m3; Pc=4.051 MPa; M= 102.032 kg/kmol 
α=0.1503; β=0.353; ∆=0.5 

xo=0.1222; x1=0.6641; x2=1.4268; x3=0.69733; x4=0.6952; x5=1.4252; x6=0.6733; x7 =0.9    
x8=1.1; x9=1.0; x10=0.9; x11=1.3; n1=4; n2=2; n3=15; n4=2; nk1=1, nk2=2, n03=3; k=0÷4 

j3(i)= {7, 4, 4, 4, 4, 4, 3, 3, 3, 3, 3, 3, 3, 3, 3}       i=1÷15 
 

31= -������������������ 


 41= -����������������� 





 51=  -9.085398879422089,     
61= -����������������� 




 71!
����������������� 






 81= 90.72614625150084,     
91!
����������������� 





 10,1!
����������������� 




 11,1= -20.52180687738139,     
12,1= -����������������� 


 13,1= -����������������� 



 14,1= 0.1166848768887534,     
60=  -������������������ 

 70=  0.01312312878110619, 
 80= 1.326164614745318,     
90!����������������� 






 10,0= -����������������� 



 11,0= -5.474671238416783,     
12,0= -����������������� 


 13,0= -����������������� 



 14,0=  -0.09140680969351347, 
12= -������������������ 


 13=  0.456101285167���� 




 14=  -5.013025206292306,     
22= -����������������� 




 23!

����������������� 






 24=  5.087652373291538,     
32!
���������������� 







 33!
����������������� 







 34= 6.046420434507287,     
42!
����������������� 




 43= 70.06������������ 








 44= 2.053594535388476,     
52= -����������������� 



 53= -����������������� 






 54= -.07458502101210911,     
62= -����������������� 



 63= -����������������� 






 72= 59.37798146224740,     
73= -����������������� 



 82!
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 83= 224.1809176235432,     
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 10,2=  46.71863692232451,     
10,3!
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 11,2= -����������������� 




 11,3= -6.014450782867097,     
12,2= -15.18555563������ 

 12,3= -���������������� 






 13,2= -10.51667760549919,     
13,3= -����������������� 
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 14,3= 0.3867081054609862,     
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 03= -����������������� 





 04= -3.964513646445735,     
05= -14.�������������� 



 06!
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 07= -.3322034540662351,     

u01= 0.1441935077163219,    u02= 3.565866550965655,         u03= 0.01598590786924933, 
u11= 18.87294769997517,      u12= -15.37933610042395,       u21= -0.8072427188327185,     
u22= 0.7893832845468796,    u31= -21.39650517253828,       u32=20.50336164122209,     
u41= -37.09112437100369,    u42!
����������������� 








 11= 0.9676376578614376,     

21= 0.8202885149848780,


 10=0.006641891403824560 
 

Deviations of the virial coefficients, B,C, calculated with the help of EOS (2.5) and data 

[10] do not exceed the limits of ±4 % and ±2 % in a wide entire temperature range.  

Calculated properties got with EOS (2.5) are compared with the reference data [1,2]. There 

is a satisfy agreement found between the sources in a wide regular P,T – area. Some systematic 

discrepancies are realized around the critical point. The difference of densities on CC [1] is 



increasing up to 2% if T moves to Tc in the interval from 370 K to Tc. Cv –data calculated with 

(2.5) have maximums sharply expressed on near-critical isotherms. For example present Cv 

values is higher on 6 % than points (Tillner - Roth and Baehr 1994) on the isotherm T=385 K 

near the maximum area. The analysis has permitted to conclude that the structure of EOS (2.5) 

can be useful to approximate experimental data in a wide P,T area including thermal properties 

together with Cv,ρ,T – data. Due to its form and effective scaling parameters, α ,β , EOS (2.5) 

has successfully approximated experimental data in the critical region. The EOS can be used to 

add and correct the known data in the critical region. 

List of symbols 

T = temperature 

P = pressure 

ρ  = density 

Ps = saturated pressure 

g,l,c = indexes to mark the vapor (liquid) phases on CC and a critical value 

),( TFr ρ , ),( TFn ρ  = regular and non regular parts of EOS 

�����
��

ρ , �����
��

ρ , �����
���

ρ  = asymptotic, non asymptotic and asymmetric components of 

),( TFn ρ  

ρρ−=ρ �
�

�∆ ,�  = 1 - T/Tc = distances from the critical point 

cρρω /=  = relative density 

βρτ= �
��

�∆  = scaling variable, 
�
�� −=  = the variable, x, on CC 

α , β ,∆, δ , γ  = critical exponents 

Acknowledgments. The work is supported by the Russian Fund of Base Researches. 

References 

1. R. Tillner-Roth, H.D. Baehr, J. Phys. Chem. Ref. Data, vol. 23 (1994) 657-72. 



2. A.V. Dobrokhotov, E.E. Ustjuzhanin, B.F. Reutov, High Temperature-High Pressure, vol. 3, (1999), 375 – 380. 

3. W. Blanke, Klingenberg G, Weiss R, Int. J. Thermophys. 16, (1995) 1143. 

4. W. Blanke, Weiss R, in PTB Bericht, (Braunschweig, Germany, Februar), (1996) 1-25.  

5. J.W. Magee, in Proc. of A Symposium Honoring Riki Kobayashi’s Ongoing Career, March 18, 1995, Houston, 

Texas (1996) 23-40. 

6. H.A. Duarte-Garza, Magee, J.W., Int. J. Thermophysics 18, 1 (1997) 173-193. 

7. J. Yata, in Proc. of the 1st Workshop on thermochemical, thermodynamic and transport properties of 

halogenated hydrocarbons and mixtures, (Pisa, Italy), (1999) 120. 

8. A.A.H. Padua, Fareleira J.M.N.A., Calado J.C.G, Wakeham W.A. J. Chem. Eng. Data, vol. 41 (1996) 731-735. 

9. J.W. Magee Int. J. Refrig, vol. 15, N 6 (1992) 372-380. 

10. Yokozeki A., Sato H., K. Watanabe, Int. J. Thermophys., vol. 19., N1, (1998) 89-127 

 


